Abstract: Studies of total hydrocarbon concentrations (THC) and heavy metals was conducted at the Bonny /New Calabar River in order to determine the level of these contaminants (from municipal and industrial sources) on sediment and important biological organism in the environment in September 2000 for wet and January 2001 for dry seasons. The study area is within the eastern arm of the Niger Delta located between longitude 40 25" to 40 40" N and latitude 70 25" to 70 15" E. In the 3 ecological areas studied, the distribution of THC was found to be higher in dry season (411.53 ± 118.77 mg/l than wet (400 ± 375.50 mg/l). Similarly differences were found in the heavy metals distribution in the river system. The magnitude was in the decreasing order of Zn > Cu > Pb > V>Cd>Cr>Cd respectively. This pattern was consistent for all the ecological zones. Bioaccumulation studies also showed that the Tympanotonus fuscatus tissue had more THC and metal contaminants than the sediment. Although the heavy metal values obtained were less than the regulatory standards, the continued accumulation of the contaminants is a cause for concern. THC in both sediment and tissue are high enough to affect the quality of the organism for human consumption.
INTRODUCTION
Increasing industrial activities over recent decades have regularly introduced heavy and toxic metals, fertilizers or pesticides in any ecosystem [1] [2] [3] [4] [5] [6] . At the same time, significant amounts of municipal and agricultural wastes are discharged into the environment. Once released, these pollutants enter atmospheric and hydrological circulation and are finally deposited on river beds, back swamps, and in the marine environment where both lacustrine and marine sediments, continuously enriched by all kinds of pollutants, become a sink indicating the past history of contamination [6] [7] [8] [9] 53] .
Therefore, the investigation of the vertical distribution of the pollutants in sediment cores can furnish useful information concerning these processes.
For the marine monitoring studies of sedentary organisms, widely distributed geographical studies capable of accumulating metals, so as to reflect the environmental conditions, are employed. Gastropod molluscs, especially Tympanotonous fuscatus fulfil all the requirements, this can therefore, act appropriatelyas a biological indicator of pollution [10] [11] [12] . Its suitability is universally recognized, being included in most of the national environmental monitoring *Address correspondence to this author at the Institute of Pollution Studies, Rivers State University of Science and Technology, Nkpolu Oroworukwo, P M B 5080, PortHarcourt, Rivers State, Nigeria; E-mail: alexchindah@yahoo.com programmes of marine and brackish water pollution [13] . These organisms accumulate most of the contaminants at much higher levels than those found in the water column and they are representative of the pollution of an area, hence can be used to monitor the quality of coastal waters. The gastropods have long been regarded as promising bio-indicators and bio-monitoring subjects. They are abundant in many brackish aquatic ecosystems as in the Niger Delta, being easily available for collection. They are highly tolerant to many pollutants and exhibit high accumulation of them, particularly heavy metals.
The objective of this study was to determine the suitability, in terms of health and safety, of the mollusk species, namely Tympanotonous fuscatus as sources of food and to determine the potential of using these three mollusk species as biomonitors for heavy metal pollution in freshwater ecosystems.
In this work the levels of the different heavy metals in different ecological zones and the uptake of the gastropod species Tympanotonous fuscatus within the ecotype of the estuary are compared.
STUDY AREA
The study area stretched from lower reach of Bonny River at Bonny town by Peterside community to Choba town in the upper reach of the New Calabar River. The entire stretch from the Bonny to Choba is largely influenced by the tidal cycles, about 20km, lies between longitude 7 o 00 to 7 o 15 E and latitude 4 o 25 to 4 o 45 N (Fig. 1) . The tidal am-plitude is generally high and above 2m at the Bonny terminal jetty [14] However, the water level increases and decreases depending on the lunar cycle. At high tides, salinity increases and decreases at low tides. Sea influence is experienced more at high tide regime than at low tide, when the effect decreases especially within the upper limits when fresh water input dominates the zone [15] . The climatic condition is humid typical of the semi hot equatorial type [16, 17] . The area experiences heavy rainfall from April to October and sporadic rainfalls are experienced during the dry season months of November to March. The mean annual rainfall is estimated to be about 2,405 mm [17] .
Ten (10) sampling stations were located in three (3) ecological zones (Upper, middle and lower) reaches of the systems as follows:
Stations 1-3 are within the Upper limits where industrial activity and salinity influence are low (oilgohaline). The vegetation is mixed, comprising mangrove (Rhizophora racemosa, R. mangle, Avicennia africana and Phoenix reclineata) and fresh water flora Dalbergia sp., Drepanocarpus spp. Ralphia spp. and Pandanus spp [15] .
The middle reach stations [18] [19] [20] [21] lie within the mesopolyhaline limit with several activities especially from municipal and industrial discharges from Port Harcourt Refinery and related activities. The vegetation is predominantly mangrove especially R. racimosa, R. mangle, Avicennia africana, Laguncularia.racemosa [8] .
While the lower limit lies towards the Bonny River mouth receiving discharges from the middle reach and oil related activities such as flow stations, crude oil Tank farm, condensate plant, and liquefied natural gas plant (NLNG). This zone is also essentially polyhaline in nature all the year round. The vegetation is mangrove dominated by R. racimosa, R. mangle, Avicennia africana, Lagunculena. recemosa and Acristichum aureum [8] .
MATERIALS AND METHODS

Sampling Strategy
Sediment and periwinkle samples were collected in wet (September 2000) and dry (January 2001) seasons from the 10 stations along the Bonny/New Calabar estuary based on the ecological settings and human activities. The parameters studied in each station were sediment and biological variables-Tympanotonous fuscatus.
Sediment
Sediment samples for total hydrocarbon were randomly collected at each station from the mid intertidal flats during low tide regime from during low tide from the mid intertidal limits of the stations. At each station, three (3) replicates of sediment samples were collected at surface layer (0-15cm-depth) using soil augers. The three (3) replicate samples were composed and placed in an aluminum foil for hydrocarbon analysis, and another set of replicates for metal analysis were placed in cellophane bags. All samples were immediately stored in an icebox (-10 o C) before transferring to the laboratory. Samples were air dried for about three (3) weeks. Five (5) g of air dried, ground and sieved through a 200 m mesh size, soil samples, were weighed into a conical flask and 10mls of toluene added. This was shaken for about 1 minute and filtered using ashless filter paper. The filtrate was measured in a spectronic 21D at 420nm. Metal samples were analyzed by mixing 4g of finely ground soil samples and 50ml of distilled water in a platinum crucible. 10ml of concentrated Hydrochloric (HCL) acid and 2ml. of concentrated Nitric acid (HNO 3 ) were added in succession. The mixture was heated in a steam bath to a thick yellow liquid. The crucible was allowed to cool down; its content filtered through a membrane filter (0.5 μm). and made up to 100ml with distilled water. The extract was stored in plastic bottles and analyzed using atomic absorption spectrophotometer (AAS -Perkin Elmmer, 3110 Model). Using the certified reference material (ACCU TRACE(TM) for AAS) as a reference,Solvent blanks and duplicate samples were also analyzed. The variation coefficient of concentrations between duplicate samples was less than 5%.
Heavy Metal Analysis
Mollusc
Tissue samples weighing 0.5 g were digested with 6 ml of concentrated nitric acid and 1 ml of 30% hydrogen peroxide. The digestion was carried out in a microwave digester using the microwave digestion. The completely digested samples were filtered and diluted to 25 ml in volumetric flasks with distilled water.
Ground samples 0.5 g into the digestion vessels and digested with 2 ml of concentrated nitric acid, 5 ml of concentrated hydrochloric acid and 1 ml of 30% hydrogen peroxide. The digested contents were filtered and diluted to 25 ml in volumetric flasks. The resulting solutions were analysed for heavy metals commonly associated with crude oil andpetroleum products such such as Chromium (Cr), Cadmium (Cd), Vanadium (V), Lead (Pb), Zinc (Zn), and Copper (Cu) using ICP-AES.
Bioaccumulation factor (BAF) was calculated to determine the level of heavy metal accumulation in the tissue of the organism using the formula below,
Where in BAF is the ratio of metals concentration in the periwinkle tissue to its concentration in the sediment and seasonal comparison of variables for sediment and periwinkle was carried out using Microsoft Excel package 2003.
RESULTS
Sediments
Total Hydrocabon Concentration (THC)
The concentration of hydrocarbon in the sediments and body tissue of periwinkle for the study stations for wet and dry seasons are presented in Fig. (2a) .
Generally, mean total hydrocarbon concentrations (THC) in the sediment were lower in wet than dry season (Fig. 2a) . Within the different ecological zones along the river course, the lower reach had higher concentrations of THC in the dry (307.80 -487.07 x 394.12 ± 73.34 mg/kg) than in the wet season (84.56 -365.3 x 156.72 ± 149.81 mg/kg) and the station differences for THC concentrations were more remarkable in wet season (CV=95.59%) than in the dry season (CV=18.61 %).
In the middle reach, similar seasonal were observed with concentrations of 6.76 -358.53 x 118.38 of ± 140.72mg/kg and 246.92 -542.27 x 356.84 ± 102.88 mg/kg for wet and dry seasons respectively. The differences between stations were in the magnitude of about 5 folds higher in wet (118.87%) while dry season recorded a magnitude of 28.83 % (Fig. 2a) .
At the upper reach, the seasonal pattern of higher values in wet than in dry season were observed as in the other ecological zones ( wet -0.00 -798.25 x 400.82 ± 375.50 mg/kg; dry season -287.50 -571.63 x 411 ± 118.76 mg/kg). Nonetheless, the THC were exceptionally low in some of the stations and variations between stations were in the magitude of about 3 folds higher in wet season (CV= 93.69%) than in dry season (CV = 28.86 %) Fig. (2a) .
In all, a consistent concentration distribution order was observed with a sequence of upper (400.82 mg/kg) > lower (156 mg/kg) > middle (118.38 mg/kg) for wet season and upper (411.53 mg/kg) > lower (394.12 mg/kg) > middle (356.84 mg/kg) for dry season (Fig. 2a) .
Heavy Metals
Chromium (Cr)
Chromium concentrations in sediment were observed to be higher in wet (0.01 -0.83 mg/kg) than in dry season (0.002 mg/kg). The lower reach had concentrations in the range of 0.01 -0.83 x 0.37 ± 0.34 mg/kg for the wet season with a uniform concentration of 0.02 mg/kg in the dry sea-son. The coefficient of variation for the zone was 92.47% and 0% for the wet and dry seasons respectively. In the middle reach zone, similar seasonal trend was observed with concentrations in the range of 0.01 -0.55 x 0.27 ± 0.19 mg/kg (CV =70.13%) in wet season and uniform concentrations of 0.02 mg/kg (CV = 0%) mg/kg in dry season. At the upper reach zone, higher concentrations of chromium were also recorded in the wet (0.01 -0.41 mg/kg x 0.23 ± 0.17 mg/kg, CV = 72.1%) than in the dry season (0.002 mg/kg -CV = 0%) seasons. A general trend observed across all the zones showed higher concentrations of chromium in for the wet than in the dry season (Fig. 2b) . The mean differences between the zones indicates a distribution order of lower reach (0.37 mg/kg) > middle limit zone (0.27 mg/kg) > upper limit zone (0.23 mg/kg), in the wet season while the dry season maintained uniform low concentration for all the ecological zones (Fig. 2b) .
Cadmium (Cd)
Cadmium had higher concentrations in wet (0.014 -0.029 mg/kg) than in dry season (0.0005 mg/kg). In the lower reach, concentrations ranged from 0.015 -0.029 .63%) and 0.0005 mg/kg (CV = 0%) for wet season and in dry season respectively. The distribution pattern for wet and dry seasons were in the order of lower limit zone (0.02 mg/kg) = middle limit zone (0.02 mg/kg) = upper limit zone (0.02 mg/kg) and lower (0.0005 mg/kg) = middle (0.005 mg/kg) = upper (0.005 mg/kg) respectively (Fig. 2c) .
Vanadium (V)
Vanadium (V) concentrations were relatively high for both seasons with slight variations observed between dry (0.04 mg/kg) and wet season (0.02 -0.13 mg/kg). In the lower limit zone, the wet season concentrations ranged from 0.02 -0. 
Lead (Pb)
Lead concentrations in the sediment were higher in wet (0.003 -0.027 mg/kg) than dry season (0.01mg/kg). In the lower limit zone, the wet season concentrations ranged from 0.008 -0.023 x 0.01 ± 0.01 mg/kg (CV = 42.52%) and in dry season mean concentrations x 0.01 ± 0.00 mg/kg (CV = 0%) Fig. (2e) . In the middle zone, the same trend was observed with the wet season (0.003 and 0.02 mg/kg CV = 67.61%) concentrations slightly higher than the dry season (x 0.01 ± 0.00 mg/kg). Contrary to the trend in the middle limit zone, the upper limit zone recorded higher values during the wet (0.01 -0.027 x 0.02 ± 0.01 mg/kg; CV =37.88 %) than in the dry season (0.01 ± 0.00 mg/kg; CV = 0%). A general trend observed across the zones indicated higher concentrations of the metal (Pb) in wet than in the dry season (Fig.  2e) . The distribution between the ecological zone for wet season was in the sequence of upper limit zone (0.02) > middle limit zone > lower limit zone (0.01) mg/kg, while the dry season showed a uniform concentration for the zones (upper limit zone -0.01 mg/kg) = middle limit zone -0.01 mg/kg) = lower limit zone -0.01 mg/kg) Fig. (2e) .
Zinc (Zn)
Zinc concentrations in the sediment were observed to be higher in dry (1.03 -2.04 mg/kg) than in wet season (0.063 -0.277mg/kg). In the lower limit zone, concentrations were in the range of 0.107 -0.232 x 0.17 ± 0.05mg/kg (CV = 29.36 %) in the wet season while the dry season concentrations ranged from 1.09 -1.78 x 1.42 ± 0.28 mg/kg (CV = 19.82%) Fig. (2f) . In the middle limit zone of the river, ranged from 0.154 -0.245 x 0.19 ± 0.03 mg/kg (CV = 18.72%) for the wet season while the dry season concentrations ranged from 1.13 -1.83 1.48 ± 0.26 mg/kg (CV = 17.79%). The upper limit zone of the river recorded concentrations in the ranged of 0.197 -0.277 x 0.18 ± 0.09 (CV = 49.32 %) while the dry season value ranged from 1.03 -2.04 x 1.39 ± 0.46 mg/kg (CV =33.13%). However, unlike other metals, Cr, Cd, Cu, and Zn concentrations were higher in the dry than in the wet season by a magnitude order of about 8 times. There were obvious differences in distribution of the zinc concentrations across the river system such that wet season distribution was in the order of the middle limit zone (0.19 mg/kg) > upper limit zone (0.18 mg/kg) > lower limit zone (0.17 mg/kg), and dry season, had similar concentration order of middle limit zone (1.48 mg/kg) > lower limit zone (1.42 mg/kg) > upper limit zone (1.39 mg/kg) Fig. (2f) .
Copper (Cu)
Generally, the concentrations of Copper in the sediment were higher in dry (0.001 -0.20 mg/kg) than in thewet season (0.007 -0.057mg/kg). In the lower limit zone, Cu concentrations ranged from 0.036 -0.039 x 0.04 ± 0.0 mg/kg (cv = 3.31 %) and 0.09 -0.11 x 1.30 ± 0.05 mg/kg (CV = 35.88). for wet and dry seasons respectively (Fig. 2g) . In the middle limit zone, concentrations ranged from 0.019 -0.057 x 0.03 ± 0.02 mg/kg (CV = 47.71%) for the wet season while the dry season values ranged from 0.01 -0.2 x 0.12 ± 0.08 mg/kg (CV = 71.31%). The upper limit zone, had a range of 0.07 -0.044 x 0.03 ± 0.02 mg/kg (CV = 54.71%) and 0.001 -0.14 x 0.06 ± 0.06 mg/kg (CV = 105%) for the wet and dry seasons respectively (Fig. 2g) . Contrary to the trend observed for zinc, copper concentrations were higher in the wet than dry season. Nonetheless, differences in concentrations between the ecological zones were minimal with a distribution order of the lower (0.040 mg/kg) > middle (0.03 mg/kg) = upper (0.03 mg/kg) in wet season with a shift in concentration during the dry season, which occurred in the sequence of lower (0.13mg/kg) > middle (0.12 mg/kg) > upper (0.06 mg/kg).
All variables (THC and heavy metals) for sediment demonstrated significant differences between wet and dry seasons exception of Vanadium and Lead ( Table 1) .
BIOLOGICAL TISSUE STUDIES Total Hydrocabon Content thc (in Periwinkles tissueTympanotonus fuscatus)
The concentration and magnitude of THC in periwinkle varied between zones and seasons. The concentrations varied from 1,704.73 -4,170.50 mg/kg in the wet and 1,610.02 -2,428.56 mg/kg in the dry seasons (Fig. 3a) . In the lower stretch, the concentrations ranged from 1,704.73 -3,764.61 x 2,448.86 ± 933.04 mg/kg for the wet season while the dry season concentrations were in the range of 1,975.32 -2,151.21 x 2,073.41 ± 73.23 mg/kg (Fig. 3a) .
In the middle limit zones, similar concentration trend of higher values in the wet than dry season was observed. Thus the wet season concentrations ranged from 2,120. Fig. (3a) . The mean differences in THC concentrations between the zones indicated differences in the body tissue of the organism (Tympanotonus fuscatus) across the river system. For instance, in the wet season, the distribution of the THC in the organism was in the order of the upper limit zone (3,368.87 mg/kg) > middle limit zone (2,747.35 mg/kg) > lower limit zone (2,448.86 mg/kg), while in the dry season, the concentrations varied in the order of upper limit zone (2,229 mg/kg) > lower limit zone (2,073.41 mg/kg) > middle limit zone (1,893.30 mg/kg). These marked differences in the zonal seasonal mean concentrations indicate that there are significant differences in the distribution of THC in the organism in the river system between the two major seasons (Fig. 3a) .
Heavy Metals
Chromium (Cr)
A general trend observed across the zones showed that maximum chromium concentrations occurred during the wet season and minimum concentrations in the dry season. The chromium concentrations ranged form 0.010 -0.130 mg/kg in the wet and uniform concentrations of 0.002 mg/kg in dry season. In the lower reach, uniform concentration of 0.010 mg/kg and 0.002 ± 0.00 mg/kg were recorded for the wet and dry season respectively. In the middle reach, similarly trend of higher values in the wet season than in the dry season was observed (Fig. 3b) . The concentrations varied from 0.01 -0.13 mg/kg with a mean of 0.10 ± 0.05 mg/kg for the wet season while the dry season values were also a uniform concentration of 0.002 mg/kg with a mean of 0.002 ± 0.00 mg/kg within the zone. The coefficient of variation within the zone was 0% for both seasons. In the upper zone, uniform concentrations of 0.01 x 0.01 ± 0.01 mg/kg were recorded for the wet season while the dry season value was 0.002 x 0.002 ± 0.00 mg/kg within the zone. The coefficient of variation within the zone was 0% for both seasons. There also appear to be mean differences across the zones indicating differences in distribution of the chromium metal in the biological organism (Tympanotonus fuscatus) across the system. For instance, in the wet season, the distribution of the chromium in the organism was in the order of the middle (0.10) > upper (0.01 mg/kg) = lower (0.01 mg/kg), while for the dry season showed a uniform distribution (0.002 mg/kg) Fig. (3a) . Generally the ratio of distribution of chromium in the river system was observed to be in the order of 1:10:1 for the lower, middle and upper zones.
Cadmium (Cd)
Cadmium varied in concentration between seasons and zones. The magnitude of variation differed between the zones. The values ranged between 0.030 -0.014 mg/kg in the wet season while in the dry season, a uniform concentration of 0.0005 mg/kg was recorded across the entire river system. In the lower zone of the river system, values ranged from 0.006 -0.010 mg/kg x 0.01 ± 0.00 mg/kg for the wet season while the dry season value was a uniform concentration of 0.0005 mg/kg across the entire zone (Fig. 3c) . However, some stations within this limit had very low values which were below the detection limit of the instrument. The coefficient of variation within the zone was 0.00% and 0.00% respectively for the wet and dry seasons. In the middle limits of the river, similar trend of higher concentrations in the wet season than in the dry season were observed. The values ranged from 0.007 -0.014 x 0.01 ± 0.01 mg/kg for the wet season while the dry season value was a uniform concentration of 0.0005 mg/kg with in the zone. The coefficient of variation within the zone was 0% for both seasons. In the upper zone, the same trend of higher values in the wet season than dry season was observed. The wet season values ranged from 0.003 -0.013 x 0.01 ± 0.00 mg/kg season while the dry season value was a uniform concentration of 0.0005 mg/kg with in the zone. The coefficient of variation within the zone was 0% for both seasons (Fig. 3c ).
There appears to be a uniform mean distribution of the metal cadmium across the zones. For wet and dry seasons, the mean distribution of the cadmium in the organism was observed to be 0.01 mg/kg across the lower, middle and up- per zones, while the dry season also showed a uniform distribution (0.005 mg/kg) across the entire zones (Fig. 3c) .
Vanadium (V)
The presence of vanadium was prominent in both seasons though at fairly uniform concentrations across the zones of the river for both seasons. The concentration of vanadium ranged from 0.03 -0.014 mg/kg in the wet season while in the dry season, a uniform concentration was recorded across the entire river system (Fig. 3d) . In the lower zone, the value for wet season was a uniform concentration of 0.02 ± 0.01 mg/kg while the dry season value was also uniform 0.04 ± 0.00 mg/kg. The coefficients of variation within the zone were 0.00% and 0.00% for both seasons. In the middle zone, a similar trend of higher value in the dry than in the wet season was observed. The wet season value was a uniform concentration of 0.02mg/kg with a mean of 0.02 ± 0.01 mg/kg while the dry season value was also a uniform at 0.04 mg/kg with a mean of 0.04 ± 0.00 mg/kg. The coefficient of variation within the zone was 0% for both seasons. In the upper zone, a similar trend of higher value in the dry than in the wet season was observed. The wet season value was a uniform concentration of 0.02mg/kg with a mean of 0.02 ± 0.01 mg/kg while the dry season value was also uniform at 0.04 mg/kg with a mean of 0.04 ± 0.00 mg/kg. The coefficient of variation within the zone was 0% for both seasons. Like   Figs. (3a-g) . Total hydrocarbon and heavy metal concentrations in periwinkle Tympanotonus fuscastus tissue from the 3 ecological zones. chromium there seem to be no mean differences in the distribution of the vanadium metal across the zones of the river system for both season (Fig. 3d) . In wet season, a uniform mean distribution of vanadium in the organism was observed to be 0.02 mg/kg while the dry season also showed a uniform distribution (0.04 mg/kg) Fig. (3d) .
Lead (Pb)
The concentrations of lead in periwinkle tissue were higher during the wet than during the dry season. The values varied between 0.009 -0.75 mg/kg in wet season while the dry season recorded a uniform concentration of 0.01 mg/kg across the entire river system. In the lower reach zone, the wet season values ranged from 0.019 -0.046 mg/kg with a mean of 0.03 ± 0.01 mg/kg while the dry season value was also uniform at 0.01 mg/kg with a mean of 0.01 ± 0.00 mg/kg (Fig. 3e) . The coefficient of variation within the zone was 35.57% and 0% respectively for the wet and dry seasons. In the middle reach, a similar trend of higher values in the wet than dry season was observed. The wet season concentrations ranged from 0.009 -0.075 mg/kg with a mean of 0.040 ± 0.03 mg/kg while the dry season value was also uniform at 0.01 mg/kg with a mean of 0.01 ± 0.00 mg/kg. The coefficients of variation within the zone were 70.19% and 0.00% respectively for the wet and dry seasons. At the upper zone, a similar trend of higher values in the wet than dry season was also observed with values ranging from 0.021 and 0.05 mg/kg with a mean of 0.03 ± 0.01 mg/kg while the dry season value was also uniform at 0.01 mg/kg with a mean of 0.01 ± 0.00 mg/kg. The coefficients of variation within the zone were 34.82% and 0% respectively for the wet and dry seasons. Similar to the chromium metal, there appeared to be a fairly uniform mean distribution of the metal lead across the zones. In wet and dry seasons, the mean distribution of lead in the organism was observed to be in the order of middle (0.04 mg/kg) > lower (0.03mg/kg) = upper (0.03mg/kg), while the dry season had uniform distribution of 0.01mg/kg across the zones (Fig. 3e) .
Zinc (Zn)
Zinc in the tissue of Tympanotonus fuscatus occurred in considerably higher concentrations than other trace metals monitored in this study except for copper. Generally, the concentrations of zinc varied between 0.294 to 0.394 in the wet and 1.55 -3.00 mg/kg in the dry season. In the lower reach zone, the wet season values ranged from 0.385 -0.394 mg/kg with a mean of 0.39 ± 0.00 mg/kg while the dry season value ranged from 2.76 to 3.30 mg/kg with a mean of 2.99 ± 0.23 mg/kg (Fig. 3f) . The coefficients of variation within the zone were 0.95% and 7.66% respectively for the wet and dry seasons. In the middle zone, the wet season values ranged from 0.294 to 0.335 mg/kg with a mean of 0.330 ± 0.020 mg/kg while the dry season values ranged from 1.55 to 3.00 mg/kg with a mean of 2.55 ± 0.58 mg/kg. The coefficients of variation within the zone were 5.86% and 22.89% respectively for the wet and dry seasons. At the upper zone, the wet season values ranged from 0.306 -0.392 mg/kg with a mean of 0.35 ± 0.04 mg/kg while the dry season value ranged from 2.41 -2.92 mg/kg with a mean of 2.67 ± 0.21 mg/kg. The coefficients of variation within the zone were 10.09% and 7.80% respectively for the wet and dry seasons (Fig. 3f) . Similar to vanadium, the general trend in the concentration of zinc is that of higher concentration observed during the dry season that wet season. The order of magnitude of variation ranged between 5 and 7. There appeared to be a significant seasonal mean distribution of Zn across the zone which however followed a similar pattern for both seasons. Thus in the wet season, the distribution of zinc in the tissue was in the order of the lower (0.39mg/kg) > upper (0.35 mg/kg) > middle (0.33 mg/kg), while for the dry season values were in the similar order of the lower (2.99 mg/kg) > upper (2.67 mg/kg) > middle (2.55 mg/kg) Fig. (3f) .
Copper (Cu)
Copper was available in both seasons in the tissue of Tympanotonus fuscatus. Generally, the concentrations of copper varied between 0.63 -0.94 mg/kg in the wet and 3.76 -8.78 mg/kg during the dry season (Fig. 3g) mg/kg. The coefficients of variation within the zone were 8.86% and 15.94% respectively for the wet and dry seasons. As was observed for zinc and vanadium, copper exhibited higher concentrations during the dry season than wet season. The magnitude of seasonal difference was about 8 folds. However, within the three zones, similar pattern of distribution was observed for both seasons. Thus, in the wet season, the distribution of the copper in the organism was in the decreasing order of concentration with lower (0.84 mg/kg) > upper (0.63 mg/kg) > middle (0.62 mg/kg) and dry season concentrations were also in the decreasing order of the lower (8.21 mg/kg) > upper (7.77 mg/kg) > middle (7.39 mg/kg) respectively (Fig. 3g) .
Similarly, the entire variable (THC and heavy metals) for periwinkle demonstrated significance between wet and dry season ( Table 1) .
Bioaccumulation Factor
The bioaccumulation factor for THC burden in periwinkle indicated generally more bio-accumulated in the organism during the wet season that during the dry season and the distribution pattern of THC burden between the ecological zones being in the order of Middle (23. (Table 1) .
Correspondingly, the bioaccumulation factor for heavy metals was observed to be higher in the wet than in the dry season for all the metals species evaluated. In the Lower reach the BAF for wet and dry seasons demonstrated a sequence of Zn(2. Y is the Mean contaminant in the organism.
a and b are linear regression coefficients corresponding to the y intercept and slope respectively.
x is the extract estimate of available contaminant in the sediment.
Applying the model equation in the establishment of interrelationship between the Total Hydrocarbon Content in the organism (periwinkle) gave rise to the following relationships.
The regression analysis between THC concentration in tissues and sediment was significant (P<0.05). THC concentration in periwinkle for example increased by 0.38% per unit increase in sediment THC concentration. Sediment THC values might be contributing to the tissue THC for values of THC above 2,338.12 mg/kg in the tissue. However, testing the significance by the determination of the coefficient r 2 showed that only 2% of the variation in tissue concentration may be attributable to sediment THC load. THC values in the tissue of 2,338.12 mg/kg and below are not dependent on the concentration of the THC in the sediment.
The regression equation given for THC in the tissue of periwinkle and sediment is given by. P = 2,338.12 + 0.38X (r 2 = 0.02, n=9)
CHROMIUM CONCENTRATION IN TYMPANOTO-NUS FUSCATUS
For chromium the regression analysis between its concentration in the organism and sediment was significant (P<0.05). Chromium concentrations increased by 0.02 per unit increase in the sediment chromium concentrations. The concentration of Chromium in sediment might be contributing also to the concentration in the organism for values of chromium above 0.02 mg/kg in the organism. Also testing the significance of the determination coefficient r 2 showed that only 3.8% of the variation in the concentration of chromium in the organism may be attributable to the concentration of chromium in the sediment. This implied that chromium values in the organism of 0.02 and below are not dependent on the chromium in the sediment. The regression equation given for chromium in the organism and sediment is given by:
CADMIUM IN PERIWINKLE TYMPANOTONUS FUSCATUS
There was a negative correlation between tissue concentration of cadmium and concentration in the sediment. Thus cadmium concentrations decreased by 0.10 per unit increase in the sediment chromium concentrations. However, testing the significance of the determination coefficient r 2 showed that about 2% of the variation in tissue concentration may be attributable to sediment cadmium load. Cadmium values in organisms of 0.01 mg/kg and below are therefore not dependent on the cadmium in the sediment. The regression equation for Cadmium in the organism and the sediment is give by: P = 0.005-0.10 X (r 2 =0.02, n=9) (4)
VANADIUM CONCENTRATION IN TYMPANOTO-NUS FUSCATUS
The regression analysis showed negative correlation. The vanadium concentration in tissue reduces by 1.79 per unit increase in vanadium concentration. Sediment vanadium values might be contributing to that in the organism for values above 0.03 mg/kg in the organism. However testing the significance of the determination coefficient r 2 showed that no variation in concentration of vanadium in the organism may be attributable to sediment vanadium load. Vanadium values in the organism of 0.03 mg/kg and below are therefore not dependent on sediment vanadium. The regression equation given for this relationship is given by: P = 0.03 -1.79 X 10 -15 X (r 2 = -17.7, n=9) 
LEAD CONCENTRATION IN TYMPANOTONUS FUSCATUS
For lead the regression analysis between its concentration in the organism and sediment was significant (P<0.05). Lead concentrations reduce by 1.47 per unit increase in the sediment lead concentrations. The concentration of lead in sediment might be contributing also to the concentration in the organism for values of chromium above 0.039 mg/kg in the organism. Also testing the significance of the determination coefficient r 2 showed that 34% of the variation in the concentration of lead in the organism may be attributable to the concentration of lead in the sediment. This implied that lead values in the organism of 0.01 and below are not dependent on the lead in the sediment. The regression equation given for lead in the organism and sediment is given by: P = 0.039 -1.47 X (r 2 = 0.34, n=9)
ZINC CONCENTRATION IN TYMPANOTONUS FUSCATUS
The regression analysis showed significant correlation. The zinc concentration in tissue increase by 0.023 per unit increase in sediment zinc concentration. Sediment zinc values might be contributing to that in the organism for values above 1.51mg/kg in the organism. However, testing the significance of the determination coefficient r 2 showed that only 0.05% of the variation in concentration of zinc in the organism may be attributable to sediment zinc load. Zinc values in the organism of 1.51 mg/kg and below are therefore not dependent on sediment zinc. The regression equation given for this relationship is given by: P = 1.51 + 0.30 X (r 2 =0.0005, n=9).
COPPER CONCENTRATION IN TYMPANOTONUS FUSCATUS
The regression analysis showed positive correlation. The copper concentration in tissue increases by 7.5 per unit increase in copper concentration. Sediment copper values might be contributing to that in the organism for values above 3.89 mg/kg in the organism. However, testing the significance of the determination coefficient r 2 showed that only approximately 1.0% of the variation in concentration of copper in the organism may be attributable to sediment copper load. Copper values in the organism of 3.89 mg/kg and below are therefore not dependent on sediment copper. The regression equation given for this relationship is given by: P = 3.89 +7.5 X (r 2 =0.01, n=9)
DISCUSSION
Generally, the higher levels of THC concentrations in the dry (411.53 ± 118.77mg/kg) than in the wet (400 ± 375.50 mg/kg) season may be attributed to the dilution effect associated with the wet season. This scenario had been reported in similar studies in the Niger Delta region and had been attributed to reduction in the volume of water following the high evapo-transporation rate that characterise the equatorial latitude [22] [23] [24] .
The observed high concentration of THC in the upper reach zone of the river system during the wet season may be attributed to the massive release of trapped THC from the crude oil related activities of the area coupled with the runoff from other contaminated landmass adjoining the Upper reach that is characterised by relative high fresh water input than other arms of the drainage basin. Similar studies have shown that high THC concentration was observed in wet than during the dry season [25] .
The distribution of THC within the zone was also observed to be very uneven at the ecological zones more so in the wet season. Thus the seasonal patterns demonstrated variation within the ecological zones (with coefficient of variation) for the three ecological zones being Upper -96%, Middle -119% and Lower-94% and Upper -19%, Middle -29% and Lower 29% for wet and dry seasons respectively. The variations in concentrations within zones in dry season demonstrated narrow variation against the wet with wider variation; and similarly concentrations were relatively higher in the dry season than was observed for the wet season. . This narrow variation in the dry season indicates even distribution of THC in the dry season than in the wet season. This further suggests the role of seasonal difference in the distribution of THC in the water body. Similar variations in THC with seasons were demonstrated for Bonny/New calabar river systems with values ranging from 0 -798.25 in wet season and 246.92 -571.63 mg/kg in dry season [26, 27] . The presence of T. fuscatus in the system in spite of the high THC demonstrates the propensity for the organism to withstand the stress under the condition. However Chindah and Nduaguibe [27] posited that the survival of the gastropod at high THC may also cause harm. This harm may be in the area of reproductive success as juveniles were hardly seen in the most of the study station. This may account for the poor yield in fish, shrimp and periwinkle in the system as complained by the fisher folks [28] .
In addition the higher values in THC observed for the wet (1,704.73 -4,170.50 mg/kg) and in the dry season (1,610.02 -2,229.00mg/kg) in Tympanotonus fuscatus may be attributed to a number of factors arising from the flow characteristics of the river system. Furthermore, it is expected that the wet season which is a period of high flows may have carried large volume of suspended sediments and run-offs from municipal and industrial sources (petrogenic sources such as garages) leading to increased THC load and other contaminants in the water body thereby accounting for the higher values observed in the wet than in dry seasons. It is also possible that browsing intensity by Tympanotonus fuscatus may be contributory to the higher concentrations observed in the wet than in the dry season. The degree and extent of contamination in each coastal system have been attributed to several factors such as variations in inputs and dynamics, also reactivity of suspended particles and superficial sediments [25] . Many rivers are characterized by contrasting seasonal flows and freshwater discharge with wet season being much higher than that occurring during the rest of the year. This may be responsible for transport of fluvial solids to the estuaries mainly in wet season during periods of high flows and contributed to re-suspension of crude oil to the surface. This is congruent with the submission of Abarnou et al., [18] which contends that suspended particulate matter is normally responsible for the transport and distribution of hydrophobic contaminants in the aquatic environment.
Similarly, the seasonal pattern of THC concentration and the coefficient of variation for Tympanotonus fuscatus for the three ecological zones Lower -38%, Middle -22% and Upper -19% and lower -4%, middle -10% and Upper -7% for the wet and dry seasons respectively suggest a narrower and more even distribution with the ecological zones in the dry season than in the wet season. This further provides evidence on the role of season in the distribution of THC in the system. The higher concentrations of THC observed in the tissue against the sediment for the seasons also suggests that the organisms overtime, through the process of feeding and other activities have bi-accumulated THC in the body tissue of organism. [29, 30] reported similar trend while working on crude oil impacted environment in oysters. Statistical analysis of the results showed a positive correlation between the THC in sediment and the Tympanotonus fuscatus (regression coefficient (r 2 =0.02). This evidence indicates that the source of THC found in the organism is primarily from the sediment. Other studies have reported similar observations especially at [31, 32] estuaries. This is further confirmed by the fact that 2.0% of the tissue THC concentration is associated with THC from sediment [29] . The finding in Fig (4a-g) . The regressional predictive plot on periwinkle -Tympanotonus fuscastus tissue burden on Total Hydrocarbon and heavy metal concentrations in Periwinkle. this study also showed that the tissue of Tympanotonus fuscastus had higher THC than in the sediment suggesting bio-accumulation by the organism [33] [34] [35] .
Some heavy metal species particularly cadmium, zinc, lead and copper were observed to have relatively higher concentrations in both organism and sediment than others. These heavy metals are closely associated with crude oil and its processed products and to extent municipal waste discharges [28] . This may account for the predominance of these heavy metals in the system especially within the vicinity of the oil industries related activities and municipal waste charges [28, 32] . Nevertheless, some studies conducted elsewhere in the Niger Delta region reported similar trends as observed in this study [36] [37] [38] [39] . In the contrary, Silver and Arsenic were reported as the heavy metals with highest concentrations in a marine environment at Galveston Bay, Texas [52] . In spite of the fact this study did not consider these heavy metals; it is however presumed that the differences may also be due to the nature of human activities and wastes discharged in the study area.
The observed seasonal differences in heavy metal concentrations in sediment with Cd, Cr, and Pb having higher values in the wet than in the dry season, with Zn, and Cu being the opposite is difficult to explain. Similarly, heavy metal burden in Tympanotonus fuscatus with higher concentrations of Cr, Cd, and Pb in the wet than in the dry season and the contrary observed for V, Zn, and Cu seem to follow closely the pattern observed for sediment. However, this scenario may be explained, on the fact that the THC recorded in the sediment and tissue may be of crude oil in origin, since crude oil is naturally associated with the heavy metals [36, 37, 40, 41] . Secondly, it is possible that storm water from adjacent development may be contributory to the levels of heavy metals observed in the sediment and tissue of the Tympanotonus fuscatus. Another factor likely to affect the uptake of heavy metals in the tissue of the organism may be associated with the feeding habit, development stages, reproductive condition, and other physicochemical attributes of the system [42] [43] [44] . Philip, [45] contended that some abiotic factors such as pH, temperature and salinity may affect the uptake of heavy metals in a system. This may account for differences in the presence and uptake of some of the heavy metals as these factors particularly pH and salinity in these ecological zones varied considerably.
The observed trend in the heavy metals in periwinkle tissue and sediment between the ecological zones with Cu and Zn recording highest concentrations in the lower zone, while only Cu and Zn recorded highest concentrations in the upper and lower zones respectively in the dry season. This affirms the importance of seasonal dynamics in the spatiotemporal variability in heavy metal distribution. This also suggests that the contributing factors to the heavy metal availability come from the same possible source(s). This contention is in agreement with the with the proposition of Fernandes, [46] and [47] , positing that the distribution of heavy metals in sediment is affected by three factors namely, the relative position of the sampling location to pollutant source, environmental characteristics of the fluvial (freshwater) environment and environmental characteristics of the marine environment. This may account for the apparent consistent pattern in the BAF with Zn, Pb and Cd being the leading metals mostly bio-accumulated by the organism for the 3 ecological zones in wet season. Our observation is partially supported by the work of [48] that reported bio-accumulation sequence of Cd >Fe> Cu> Zn in Periophthalmus waltoni after 60 days of exposure. demonstrated differences in preferential bioaccumulation of heavy metals in the tissue of gastropod Brotia costula and Melanoides tuberculata, with Brotia costula indicating better efficiency in accumulating of Cu and Zn and Melanoides tuberculata for Cu. This study may impart explain the differences in species of metal burden observed in the different ecological zones, following the differences in the water quality of the ecological zones particularly pH and salinity [49] , posited conjectured that the bioavailability of metals greatly depends on hardness of water, pH and the acid-volatile sulphide of the water and sediment. Thus these factors obviously differed with the ecological zones [15] and is likely to contribute to the differences observed in metal species bio-accumulated.
In all, the organism has the tendency to bio-accumulate with preferences for some heavy metals depending on the ecological area and season. This further demonstrates that the organism possesses bio-indicator attributes for monitoring metals in the Niger Delta region. Similar propositions have been put forward for sediment [50, 51] and benthic dwelling fish [19] [20] [21] other benthic dwelling organism [27, 28] .
This scenerio is appropriately observed from the regression model, for THC and various species of heavy metals suggests that even though sources for these components are basically anthropogenic or human activity related sources of intake contributing to the tissue burden are not entirely from the sediment but possibly also from the water column. This underscores the fact that food and medium in which the organism lives play an important role in tissue burden of contaminants in the ecosystem.
